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A new class of ladder polymers is investigated. These 
polymers contain stiff chains that can be broken only by 
breaking two sigma bonds in the same ring. Our study involves 
synthesis and 1,3-dipolar cycloaddition polymerization of a 
stable tetravalent sulfur heterocycle, 1,3,6,7-tetraphenyl- 
acenaphtho (5,6-cd) thiopyran. Some physical properties of 
the polymer are also determined. 
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INTRODUCTION 
Tetravalency of Sulfur 
The chemistry of reactive aromatic heterocycles 
containing a tetravalent sulfur atom has been an area of 
interest in recent years. The sulfur atom d-orbital 
participation in an unusual tetravalent bonding was a 
subject of intensive investigation in order to provide 
some of the clues which had thus far not been revealed. 
Shomaker and Pauling^ suggested that an expansion 
of the sulfur octet could be a special factor in the 
stabilization of the thiophene molecule, 1_. In resonance 
terminology, this concept can be represented by including 
structures with tetracovalent sulfur, 2_, as well as related 
dipolar structures in which the sulfur atom bears a negative 
charge, 3_. 
Evidence for the short-lived existence of a derivative 
of thieno(3,4-c)thiophene (£) , 1,3-dimethylthieno ( 3,4-c)- 




the sulfoxide, 7_, to give 1,3-dimethylthieno ( 3,4-c) thiophene 
(5_) led to no isolable product, but dehydration of 1_ in the 
presence of N-phenylmaleimide showed that 5_ was produced as 
a transient intermediate since both the endo- and exo¬ 
adducts (8_a and 8b) were isolated in reasonable yield. 
Cava^ and Schlessinger^ independently reported the 
generation of another reactive tetravalent sulfur interme¬ 
diate, naphtho ( 1,8-cd) thiopyran ( 2-thiaphenalene) ( 9_) . The 
intermediate 9_ was not isolated. As with the instable analog 
N-phenylmaleimide adds to give a mixture of endo- and exo- 
adducts. To demonstrate the transitory existence of this 
tetravalent sulfur species, Cava trapped 9_ with a dienophile 
and isolated benzo ( 1 )-pleiadene-8,13-quinone (1_0_) . At the 
same time, Schlessinger supported his evidence by spectro¬ 
scopic findings. The N-phenylmaleimide adduct of 9_ gave a 
mass spectrum which, in addition to the parent ion at m/e 
357, gave rise to a retro-Diels-Alder-type fragmentation with 




This intriguing tetravalency of the sulfur atom led 
Schlessinger and Ponticello^ into investigating the 
possible stability of acenaphthyl(5,6-cd)thiopyran (11a) 
which contains [4n + 2] peripheral pi electrons. They 
showed that quinonoid resonance form, lib, containing 
divalent sulfur and a charge separated form, 11c, can be 
written for this compound. They concluded that the con¬ 
siderable reactivity observed for this heterocycle is 
possibly the result of its tetravalent sulfur nature. 
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The existence of all these compounds was shown by 
trapping experiments since they were not sufficiently 
stable to permit isolation. 
Stable Tetravalent Sulfur Heterocycle 
For a full understanding and a detailed study of the 
unusual sulfur bonding in these novel systems, preparation 
of a stable example was clearly required. 6,7-Dibromo-l,3- 
diphenylacenaphtho (5,6-cd) thiopyran (1_2) was the first 
example of an isolable crystalline deep blue tetravalent 
sulfur compound.® It was believed that the influence of 
heavy bromine atoms may account for its stability. Subse¬ 
quently, Cava,^ Potts,8 and coworkers came up with a synthe¬ 
sis of the derivative of A_, isolable and stable in its solid 
state, te traphenyl thieno ( 3,4-c) thiophene (1_3) . Other related 
compounds such as derivatives of thieno ( 3,4-c) furan (1_4) , and 
thieno ( 3,4-c) pyrrole (1_5) were also prepared in order to 
study these systerns. ^ 
13 14 15 
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These findings allowed investigators to look at the 
tetravalent sulfur bonding and the stability of these 
heteroeycles that may be linked to it. An analog of the 
heterocycle 12, 1,3,6,7-tetraphenylacenaphtho(5,6-cd)- 
thiopyran^2 (i_7) was reported to have similar features of 
stability. The original synthesis involved reaction of 
1,4,5,8-te traben zoy lnaph thalene (16_),13 a derivative of 
pyrene, with phosphorus pentasulfide in pyridine. Hetero¬ 
cycle 1_2 was believed to undergo polymerization when heated 
above its melting point.^ It was assumed that polymeriza¬ 
tion of its analog 1_7_ would make a good ladder polymer 
having stable physical properties. 
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RESULTS AND DISCUSSION 
Intermediate materials leading to the synthesis of the 
heterocycle 17_ were not available commercially. We there¬ 
fore undertook the task of synthesizing them from pyrene 





The formation of the heterocycle 17, m.p. 270-271°, from 
tetraketone 16_ is quantitative. Studies have been previously 
conducted to elucidate the reactivity and stability of this 
sulfur compound. 6 ' ^ Heterocycle Yl_ is susceptible to oxida¬ 
tion in solution, presumably to tetraketone 16_ if it is ex¬ 
posed to air and light for an extended period of time. The 
compound appears to be relatively nonpolar as evidenced by its 
ready elution through grade I neutral alumina by methylene 
chloride in which it is very soluble. It shows a strong vi¬ 
sible maximum at 415nm and broad bands at 256 and 273nm in the 
ultraviolet spectrum. The infrared bands at 1400 and 
710 cm"^ are characteristic of this compound.^ 
Tetrabenzoylnaphthalene (16_) is a symmetrical molecule. 
By treatment with phosphorus pentasulfide, it is quite possible 
that both ends of the compound will contain sulfur atoms. 
Ekpo-*-^ observed that an intermediate, 2_2, is formed which 
loses one sulfur atom by thermal extrusion to give heterocycle 
17. It was observed earlier that thermal extrusion was found 
only on the formation of the hydrocarbon 2_6_ from 1,8-dibenzoyl- 
naphthalene (2 3)-*-^, but it was not found in heterocycle 17.^ 
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It was also observed that tetraphenyl derivative 2_8 
could not be prepared by the reaction of phosphorus 
pentasulfide with tetraketone 27. 
Ph Ph ph Ph 
27 28 
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It should be emphasized here that the nature of the 
sulfur bonding in these systems remains a matter of investi¬ 
gation, despite the physical availability of some highly 
phenylated derivatives. As of now, it is well known that 
the "one sulfur atom" heterocycle is formed directly from 
the tetraketonaphthalene compound. 
Cycloaddition Polymerization of 1,3,6,7-Tetraphenyl- 
acenaphtho(5,6-cd)Thiopyran 
In addition to various types of reactions conducted on 
these systems including Diels-Alder reaction, heterocycle 
17 undergoes cycloaddition polymerization upon heating above 
its melting point to yield poly thiopyran (29_) . 
The 1,3-dipolar addition reaction is a well known organic 
reaction that has only recently been adapted to polymer syn¬ 
thesis. Generally, this reaction may be simplified as 
follows : 
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Compound a-b-c is the 1,3-dipole, and compound d-e 
a dipolarophile. 1,3,6,7-Tetraphenylacenaphtho(5,6-cd) 
thiopyran (]/7_) is a 1,3-dipole at one end and a dipolaro 
phile at the other. 
In other words, it can undergo a head-to-tail type of 
condensation polymerization. The oligomer formed, 29, 
showed infrared absorption which was different 
is 
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from that of the monomer, because the bridgehead sulfur atom 
is part of both five and six membered rings, a feature that 
makes it difficult to assign C-S-C to either tetrahydrothio- 
pyran or tetrahydrothiophene contributions. A weak and ill- 
defined C-S stretch band was found between 14 and 16 p 
(715-625 cm--*-) . Peaks at 1400 and 710 cm-*- found in the ir 
spectrum of 1_7 disappeared. 
Physical Properties of Polythiopyran 
Polythiopyran showed a low molecular weight in the range 
of 2196. The low molecular weight may be attributed to a 
cleavage of bonds in the polymer as a result of forcing 
polymerization to completion. Another reason for the low 
molecular weight may derive from the degree of purity of the 
monomer 17, since a perfect ladder polymer requires a highly 
pure monomer. 
An amorphous polymer will exhibit a discontinuity in 
its secondary thermodynamic parameters, like expansion 
coefficient, when the parameter is observed as a function of 
temperature. Discontinuities arise because of the decrease 
in segmental motion at the secondary transition. This 
occurs at the glass transition temperature, Tg. Differential 
thermal analysis (DTA), used in evaluating the melting point 
and glass transition temperature of this polymer, showed a 
deflection at 125° which is believed to be the glass transi¬ 
tion temperature. The crystalline melting point was 326 °.**-^ 
EXPERIMENTAL 
Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, Tennessee. Melting points were 
taken on a Thomas-Hoover melting point apparatus and are 
uncorrected. Infrared spectra were determined on a Beckman 
IR-4240 spectrophotometer; only characteristic bands are 
reported. Ultraviolet and visible spectra were recorded on 
a Cary Model 17 spectrometer and the molecular weight was 
determined by the freezing point depression method using a 
Beckman freezing point apparatus. Mass spectra were taken 
on a DuPont 21-490 Mass Spectrometer. The crystalline 
melting point and the glass transition temperature were 
recorded on a DuPont 900 Differential Thermal Analyser. 
Preparation of 3,5,8,1-Tetranitropyrene (i9) . --Finely 
powdered (50 g, 0.25 m) pyrene was gradually added to 167 ml 
of nitric acid. While stirring under reflux, the temperature 
rose to 80° and was kept constant for 2 hrs. After cooling 
to room temperature, the precipitate was suction filtered 
and washed with glacial acetic acid and then with methanol. 
This afforded 75 g (80% yield) of crude 19_ m.p. 325° 
(lit: 332°). 
3,5,8,10-Tetrachloropyrene (20).--The sample (75 g) of 
19 was mixed with 296 g (1.42 m) of phosphorus pentachloride 
in 296 ml of trichlorobensene. The mixture was refluxed 
13 
14 
for 5 hours at 70°. It was allowed to cool to room 
temperature, suction filtered and then washed several 
times with methanol to give 15.3 g (22.5%) of yellow 
needles: m.p. 360° (lit: 365°). 
3,5,8,10-Tetraphenylpyrene (21).--A fine suspension 
of 15 g (0.045 m) of 2_0 in 180 ml of dry benzene was mixed 
under stirring with 31.5 g of anhydrous aluminum chloride 
and heated under reflux at 70°. A strong development of 
hydrogen chloride began and the deposit assumed a deep blue 
color. After 1 hr of stirring, the solution was slowly de¬ 
composed with distilled water. The excess benzene was 
distilled and the solution was then cooled and suction 
filtered. The light resinous residue was washed with hot 
3N hydrochloric acid and then with hot water. The raw pro¬ 
duct was heated with 1.35 ml of monochlorobenzene, and water 
still present was distilled. The solution was filtered and 
left overnight to give 3.6 g (15.5%) of tetraphenylpyrene: 
m.p. 296-298° (lit: 299-300°). 
1,4,5.8-Tetrabenzoylnaphthalene (16). A suspension of 
2.6 g of 21_ in 75 ml of glacial acetic acid was first heated 
to 100° under reflux. While stirring, a solution of 7.5 g 
chromium acid anhydride in 6.25 ml of warm water was slowly 
added. The product mixture was heated to boiling. After 
1 hr stirring the product was collected by suction filtration 
at room temperature, washed first with glacial acetic acid 
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and then with alcohol. The bright red with blue tint lamina 
plates were recrystallized in trichlorobenzene with activated 
charcoal to give 0.5 g (18%) of colorless crude shiny 
crystals: m.p. > 360°. 
Anal. Calcd. for ^3gH24°4: 83.82; H, 4.42; 0, 11.78. 
Found: C, 81.49; H, 4.80. 
1,3,6,7-Tetraphenylacenaphtho(5,6-cd)thiopyran (17).-- 
Tetraketone (0.2 g, 0.37 mm) 16_ was treated with 0.3 g (1.7 mm) 
of phosphorus pentasulfide in distilled pyridine for 3 hr at 
100° under reflux. The mixture was poured in 10% potassium 
hydroxide and washed with diluted HCl and water. After fil¬ 
tration, the crude product was passed through a column of 
grade I neutral alumina using methylene chloride as eluent. 
The solution was evaporated under vacuum to give 0.1 g (52.3%) 
of dark blue crystals: m.p. 270-272° (lit: 280-282°); ir (KBr) 
1590 (C+C) , 1400 (C=S=C) , 1230 cm"1 (OS) ; UV (CH2Cl2) 256; 
273; 415 nm; Mass Spec, m/e 512. 
Anal. Calcd. for C^gH^S: C, 89.06 ; H, 4.69; S, 6.25. 
Found: C, 87.38; H, 4.83; S, 6.53. 
Oligomer of 1,3,6,7-Tetraphenylacenaphtho(5,6-cd)thiopy¬ 
ran ( 17 ) . --Upon heating heterocycle 17_ at 280° in a capillary 
tube for 5 min, a brown compound was isolated. It had a 
crystalline melting point of 326° and a glass transition 
temperature of 125°. IR (KBr): 1630 (w), 1590 (s), 1460 (m), 
1440 (s), 1370 (m), 1320 (w), 1310 (w), 1270 (m), 1230 (m), 
16 
1170 (w), 1100 (w), 1070 (m), 1050 (w), 1020 (w), 
960 (w), 760 (w), 735 (m), 690 (s). 
CONCLUSION 
We have successfully prepared low molecule weight 
poly[1,3,6,7-tetraphenylacenaphtho(5,6-cd)thiopyran]. The 
low molecular weight of the polymer could have been the 
result of using impure monomer and/or the use of high 
temperatures possibly above the ceiling temperature. 
It is therefore recommended that an improved purifica¬ 
tion technique, and a controlled polymerization process be 
used in order to obtain high molecular weight polymer. 
Also, a more detailed study of the physical properties of 
the polymer by means of differential thermal analysis (DTA), 
and thermogravimetric analysis (TGA) will help a great deal 
in the understanding of this and related macromolecules. 
17 
REFE RENCES 
1. V. Shomaker and L. Pauling, J. Amer. Chem. Soc., 61, 
1769 (1936). — 
2. M. P. Cava and N. M. Pollack, ibid., 89, 3639 (1967). 
3. M. P. Cava, N. M. Pollack and D. A. Repella, ibid., 
3640 (1967). 
4. R. H. Schlessinger and I. S. Ponticello, ibid., 3641 
(1967). 
5. R. H. Schlessinger and I. S. Ponticello, Tetrahedron 
Lett., 4057 (1967). 
6. R. H. Schlessinger and I. S. Ponticello, J. Amer. Chem. 
Soc. , 9 0 , 4190 (1968) . 
7. M. P. Cava and G. E. M. Husbands, ibid., SLL, 3952 (1969). 
8. K. T. Potts and D. McKeouçh, ibid. , 9 5 , 2750 (19 73). 
9. M. P. Cava and M. A. Sprecker, ibid. , 9 4 , 6214 (19 72). 
10. M. P. Cava, M. A. Sprecker and W. R. Hall, ibid., 96, 
1817 (1974). 
11. K. T. Potts and D. McKeough, ibid., 4268 (1974). 
12. R. H. Schlessinger and J. M. Hoffman, Jr., ibid., 91, 
3953 (1969). 
13. H. Vollman, H. Becker, M. Correll, and H. Streeck, Ann., 
531 , 1 (19 37) . 
14. J. U. u. Ekpo, M. S. Thesis, Atlanta University, Atlanta, 
Ga., 1977. 
15. R. H. Schlessinger and A. G. Schultz, J. Amer. Chem. Soc., 
9_0_, 1976 (1968) . 
16. M. P. Cava and M. A. Sprecker, J. Org. Chem., 38, 3975 
(1975). ~~ 
17. Thomas Odozi, Atlanta University, personal communication, 
1978. 
18. J. M. Hoffman, Jr., University of Rochester, personal 
communications, 1978. 
18 
